Chordae tendineae from 50 normal mitral valves were studied. Four main types can be distinguished by their mode of insertion. Commissural chordae insert into and define the commissures between the anterior and posterior leaflets. Rough zone chordae insert into the ventricular aspect of the distal rough portion of the anterior and posterior leaflets. Such rough zone chordae typically split into three cords before inserting into the leaflet. Two of the anterior leaflet rough zone chordae are thicker than the others and are called strut chordae. They insert at 4 and 8 o'clock positions on the semicircular anterior leaflet. Cleft chordae insert into and define the clefts between the scallops of the posterior leaflet. Basal chordae are single strands that arise from the posterior ventricular wall and insert into the basal zone of the posterior leaflet. This classification permits a clear definition of mitral valve anatomy and forms a sound basis for functional studies of chordae tendineae.
RECENTLY, a clinical syndrome caused by rupture of the chordae tendineae of the mitral valve has been recognized with increasing frequency.'-"' The rupture may be associated with a fulminant onset followed by a rapid or prolonged course; it may produce mild symptoms and have a chronic course; or it may be completely asymptomatic.fr" The location and character of the resultant mitral regurgitant murmur vary with the leaflet freed by the ruptured chordae.I 2, 5, 10, 11 However, to make satisfactory correlative clinicopathologic studies, a workable classification of chordae tendineae is needed. No such tion November 11, 1969. classification is now available. This paper proposes such a classification, based on a detailed study of the chordae tendineae of 50 normal mitral valves.
Methods
The mitral valves from 50 hearts obtained at autopsy were studied. The hearts were selected from patients who did not have any clinical indication of mitral valve disease and at autopsy the valve looked normal. There were 27 males and 23 females. All were Caucasian. Ages varied from 15 to 85 years. The hearts were opened along their lateral borders to avoid the papillary muscles. The mitral valve was cut through the mid-region of the posterior leaflet. The chordae tendineae and papillary muscles of the left ventricle were studied in detail. Special attention was given to ( 1) the number of chordae tendineae as counted at their origin, (2) their distribution and arrangement, and (3) the gross morphology at the sites of insertion. Transillumination was used to bring out distinctive features at the insertions. The length of the chordae tendineae was measured from their origin at the papillary muscle to their insertion into the valve leaflet with a caliper and a metric rule graduated to 1 mm. The thicknesses of the chordae tendineae were measured at their midpoint with an eye piece micrometer graduated to 0.01 mm.
To standardize the concept of chordal insertion, the point of insertion was defined as that point on the leaflet at which a chorda begins its attachment, irrespective of the extent of that attachment. Thus, the two types of attachment shown on the left in figure 1 would both be considered insertion into the free margin of the leaflet. Similarly, the two types of attachment shown on the right in figure 1 would be considered insertion beyond the free margin.
Results

General Characteristics of Mitral Valve Chordae Tendineae
The chordae tendineae are fibrous strings that originate from tiny nipples on the apical portion of the two left ventricular papillary muscles or directly from the ventricular wall; their mode of origin will not be considered in detail in this paper. Those that insert into the valve are true chordae tendineae, those that insert elsewhere, for example, into the muscle, are false chordae tendineae. The latter will not be considered further.
The majority of true chordae branch either soon after their origin or just before their insertion into the leaflet. A small number branch at mid distance. Chordae tendineae passing to the anterior leaflet insert obliquely on either side of the anterior leaflet, but those that insert into the posterior leaflet are aligned parallel to each other ( fig. 2) Three distinct types of chordae tendineae insert into the posterior leaflet. The first is unique to the posterior leaflet. These are the "basal" chordae. They insert into the basal portion of the leaflet ( fig. 7 ). Each forms a single strand that flares prior to its insertion. Basal chordae were found in 31 of the 50 hearts. In 12 they were attached only to the middle scallop of the posterior leaflet; in 12 they passed to the middle scallop and to one of the two'commissural scallops, and in the remaining seven hearts the basal chordae were attached to the commissural scallops only. The variation in their numbers is shown in figure 8 . Their average length and thickness are shown in table 1 .
A second type of chorda attached to the posterior leaflet has a morphology similar to that of the rough zone chordae of the anterior leaflet ( fig. 5 ). In general, these chordae are shorter and thinner than the rough zone chordae of the anterior leaflet. The average length and thickness of the rough zone chordae of the posterior leaflet are given in table 1 . The posterior leaflet does not have strut chordae among its rough zone chordae. A third type of chorda inserts into the clefts in the posterior leaflet and is termed "cleft" chorda ( fig. 9 ). Each gives rise to tiny radial branches like the struts of a fan. They insert into the free margin of the cleft. The main stem of a cleft chorda runs deep beneath the free margin of the cleft to insert into the adjacent rough zone on either side of the cleft. Two cleft chordae usually divide the posterior leaflet into three scallops.
The Number and Distribution of Chordae Tendineae
The chordae passing to the anterolateral commissure and the adjoining halves of the anterior and posterior leaflets arise from the anterolateral papillary muscle, and the chordae passing to the posteromedial commissure and the adjoining halves of the anterior and posterior leaflets originate from the posteromedial papillary muscle. Basal chordae, on the other hand, arise from the posterior ventricular wall directly or from the apices of small trabeculae carneae shaped like tiny papillary muscles.
On the average, 25 chordae insert into the mitral valve. There is no significant difference in the total number between the two sexes. Of the 25 chordae, nine pass to the anterior leaflet (seven rough zone chordae and two strut chordae), 14 to the posterior leaflet (10 rough zone chordae, two cleft chordae and two basal chordae) and two are inserted into the commissures. Their number and distribution are noted in table 2.
Morphologic Variations
Atypical rough zone chordae with less than three cords were seen in 37 of the 50 hearts and their frequency is shown in table 3 . In all, 17% of rough zone chordae of the anterior leaflet and 16% of those of the posterior leaflet Fleshy and muscular chordae tendineae were observed in the hearts of four males and four females ranging in age from 30 to 72 years. In all instances the muscular chordae (chordae muscularis) were inserted into the anterior leaflet ( fig. 10 ). Chordae muscularis are either fleshy throughout their entire length or sausage-shaped with a fleshy part in their mid-portion and a tendinous origin and insertion. In six hearts chordae muscularis arose from the anterolateral papillary muscle. Five inserted into the anterolateral half of the anterior leaflet and one into the anterolateral commissure. In two hearts they arose from the posteromedial papillary muscle and inserted into the posteromedial half of the anterior leaflet. Their average length was 2.0 cm and average thickness, 0.3 cm.
Discussion
Previous authors12-19 who studied the chordae tendineae of the mitral valve followed a classification of chordae originally given by Figure 10 Ventricular aspect of anterior leaflet of mitral valve. A chorda muscularis (large arrow) and a "sausage" muscular chorda (small arrow) insert into the rough zone of this leaflet. Both chordae are much thicker than any other mitral valve chordae. Commissural chordae *False chordae tendineae had been excluded from this classification, i.e., those that pass from (1) papillary muscle to papillary muscle, (2) from papillary muscle to ventricular wall, and (3) from ventricular wall to ventricular wall.
Rusted and associates13 recognized commissural chordae and measured them. They used the tips of papillary muscles to identify commissures,'4 but they did not describe the specific morphologic features of commissural chordae that distinguished them from leaflet chordae. These authors used the three-order classification, and their further descriptions of leaflet chordae were not specific.
All subsequent studies'5-18 of mitral valve chordae tendineae have used Tandler's classification and add little to our understanding of chordal function. Brock,"5 however, stressed the importance of the thicker chordae attached to the "more central portion" of the anterior leaflet, terming their area of insertion "critical." These, we believe, are strut chordae. 
